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Background
Xenotropic/polytropic mouse leukemia viruses (XP-
MLVs) and the xenotropic murine leukemia virus-
related virus (XMRV) identified in human patient sam-
ples rely on the XPR1 receptor for entry into cells.
There are 5 functional variants of Xpr1 in Mus species
and laboratory mouse strains that differ in their ability
to support entry of XMRV and various isolates of XP-
MLVs. Additional receptor variants are found in non-
rodent vertebrate species.
Materials and methods
Various vertebrate species were examined for XPR1
sequence differences and for differences in suscept-
ibility to viral pseudotypes carrying the b-galactosi-
dase reporter gene and 5 different virus env
glycoproteins: XMRV, prototypical xenotropic and
polytropic MLVs, and two wild mouse isolates with
atypical host range. Novel receptor variants and
mutants were cloned into expression vectors,
expressed in nonpermissive hamster cells and evalu-
ated for expression, receptor function and virus envel-
ope binding. In vivo infectivity and pathogenic
potential of X-MLV and XMRV were evaluated in
rhesus macaque and in labora t o r ym i c ec o n g e n i cf o r
permissive receptor variants.
Results
The species distribution of XP-MLVs and Xpr1 var-
iants in wild mouse populations indicates that restric-
tive receptor variants evolved in house mouse
populations exposed to XP-MLV infection. Most pri-
mate species have the same permissive XPR1, but in
domesticated birds, XPR1 receptor function varies due
to substitutions at 2 sites that correspond to sites that
are critical for X-MLV entry in mice (K500, T582).
Substitutions at these 2 sites in mouse and bird Xpr1
produce functionally distinct receptors, and evaluation
of double mutants in the avian receptor suggests that
these sites, in two extracellular loops, contribute to a
single receptor determinant. XPR1 function was also
examined in cells expressing 2 receptors with different
infectivity profiles produced by cotransfection or by
interspecific crosses.
Because of the initial suggestion that XMRV is linked
to human disease, and the discovery that all wild mice
and some laboratory strains are susceptible to X-MLV,
we examined the ability of these viruses to establish
acute infection and disease in mice carrying permissive
XPR1 alleles and in macaques transiently immunosup-
pressed with anti-CD8 and anti-CD20 mAb. Macaque
infection produced only a small transient plasma vire-
mia. No alterations in disease profile or latency period
were detected in naturally high leukemic AKR mice con-
genic for 2 different Xpr1 alleles that were neonatally
infected with X-MLV.
Conclusions
Analysis of the species and geographical distribution of
Mus Xpr1 provides a good example of how genetic
conflicts can drive diversifying selection. Battleground
regions in receptor determining regions of XPR1 are
marked by mutational changes that have produced
substantive phenotypic changes in house mouse species
exposed to virus infection, and mutational changes at
the same sites alter receptor function in domesticated
avian species. Although these changes suggest positive
selection favors antiviral alleles in species exposed to
XP-MLV, inoculations of permissive laboratory mice
and immunosuppressed macaques suggest that host Laboratory of Molecular Microbiology, National Institute of Allergy and
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